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THE DIAGNOSTIC VALUE OF URINE 
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HEMODYNAMICALLY SIGNIFICANT 
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SummaryTimely diagnosis of acute kidney injury (AKI) is problematic due to difficulties in using the “Kidney 
Disease: Improving Global Outcomes (KDIGO) guideline” modified for neonates, requiring the search for non-invasive 
markers and their diagnostic capacity assessment. Preterm infants with hemodynamically significant patent ductus 
arteriosus (HSPDA) are highly vulnerable to developing AKI. Renal biomarker neutrophil gelatinase-associated 
lipocalin (NGAL) in urine enables diagnosis of AKI, although literature data on the possibility of its use are somewhat 
contradictory.

The aim of this study was to identify diagnostic capacity of the renal biomarker NGAL in urine for the early 
diagnosis of AKI in preterm infants with HSPDA. 

Materials and methods A total of 29 preterm infants (gestational age 29-36 weeks) with HSPDA were examined 
at the Department of Anesthesiology and Neonatal Intensive Care on the first, third and tenth day. The patients were 
assigned to groups depending on the development of AKI: the AKI group with any degree of severity - 14 children, 
and the group without AKI - 15 children. To determine the influence of HSPDA size on the level of urine NGAL, the 
children were further divided based on ductal size: HSPDA diameter ≥ 2 mm - 11 children, and HSPDA diameter ≤ 2 
mm - 18 children. The urine NGAL level was quantitatively measured using sandwich enzyme-linked immunosorbent 
assay according to the manufacturer's licensed instructions (ELISA Kit, 96, USA). 

The study has a positive conclusion of the biomedical ethics commission of the Dnipro State Medical University 
(protocol of the commission meeting No. 2 dated October 19, 2022)/

A set of statistical research methods was used to solve the tasks and check the initial assumptions, namely: for 
independent samples - the Mann-Whitney test, for dynamic assessment - the Wilcoxon signed rank test. The test 
for the normality of the distribution of quantitative samples was carried out using the Kolmogorov-Smirnov test. 
Statistical processing of the results was carried out using the software product STATISTICA 6.1® (StatSoft Inc., 
serial number AGAR909E415822FA).

The work was carried out within the scope of complex research works of the Department of Propaedeutics of 
Children's Diseases and Pediatrics 2 of the Dnipro State Medical University "Development of criteria for early 
diagnosis and prediction of comorbid kidney damage in children with somatic and infectious diseases" (state 
registration number 0119U100836) execution 09.2019-12.2023.

Results. In the group of children with AKI, the significant increase in the urine NGAL level was observed from the 
first to the tenth day. For example, the urine NGAL level was 2.2 times (p<0.002) and 2.4 times (p<0.001) increased 
on the third and tenth day, respectively, as compared to that on the first day, while in the group without AKI, urine 
NGAL level was 1.3 times (p<0.04) increased on the third day compared to that on the first day. On the tenth day, in 
the group without AKI, the urine NGAL level was increased by 1.6 times (p<0.007) compared to that on the first day 
and by 1.2 times (p<0.04) as compared to that on the third day.

The data obtained were confirmed by the clear correlation between the urine NGAL level and the development of AKI. 
For instance, the urine NGAL level at the first day was significantly correlated with AKI on the third and on the fifth day: 
ρ=0.72, p<0.001 and ρ=0.75, p<0.001, respectively. On the third day, the urine NGAL level was also significantly correlated 
with AKI on the third and on the fifth day: ρ=0.65, p<0.001 and ρ=0.73, p<0.001, respectively. It was particularly important 
that the urine NGAL level on the first day was significantly correlated with the maximum stage of AKI: ρ=0.76, p<0.001.

In preterm infants with HSPDA size > 2 mm, the urine NGAL level on the first day of life was 1.7 times higher than that in 
children with HSPDA ≤ 2 mm (p < 0.002). It was also observed on the third day as in preterm infants with HSPDA size > 2 mm, 
the urine NGAL level was 2.3 times higher than that in children with HSPDA ≤ 2 mm (p < 0.001). On the tenth day, there was a 
2.3-fold higher urine NGAL level in the group with ductal diameter > 2 mm as compared to the group with ductal diameter ≤ 2 mm 
(p < 0.003). The correlation between the urine NGAL level and the size of HSPDA has been found to be quite revealing. Notably, 
on the first day, urine NGAL level was significantly correlated with the HSPDA size: ρ=0.66, p<0.001, and on the 10th day, it was 
significantly correlated with the ductal size on the first day: ρ=0.70, p<0.001. In addition, the urine NGAL level on the first day 
was significantly correlated with the HSPDA size on the third day: ρ=0.49, p<0.015. The significant correlation between the urine 
NGAL level on the third day with the ductal size on the third day has also been revealed: ρ=0.47, p<0.019. Finally, on the 10th day, 
the urine NGAL level was significantly correlated with the HSPDA size on the third day: ρ = 0.46, p < 0.022.

Conclusions. The elevated urine NGAL level has been found to be a reliable marker of the AKI development in preterm 
infants with HSPDA: it was 1.7 times (p<0.001), 2.8 times (p<0.001) and 2.6 times (p<0.001) increased on day one, three 
and ten, respectively, in children with AKI in comparison with those examined without AKI. In preterm infants with HSPDA 
diameter of > 2 mm on the first day, the urine level of NGAL was significantly increased on the first, third and tenth day.

Key words: Preterm Infants; Hemodynamically Significant Patent Ductus Arteriosus; NGAL Urine; Acute 
Kidney Injury.
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Introduction
Acute kidney injury (AKI) occurs in 29 - 70% of 

preterm infants at intensive care units and leads to a 
50% increase in mortality rate [1,7,9,10,12]. Preterm 
infants with hemodynamically significant patent 
ductus arteriosus (HSPDA) are highly vulnerable due 
to left-to-right shunt across the ductus arteriosus, 
leading to hypoperfusion in end organs including 
the kidneys [2,3,16]. Timely diagnosis of AKI is 
problematic due to difficulties in using the “Kidney 
Disease: Improving Global Outcomes (KDIGO) 
guideline” modified for neonates, since its criteria 
are based solely on an elevated serum creatinine level 
and a decreased urine output. In fact, physiological 
postnatal oliguria may occur in newborns on the 
first day of life. In addition, an increase in serum 
creatinine level within the first 48 hours of life 
can be expected, and the diagnosis of AKI could 
not therefore be made until the third day of life in 
infants [9,19]. Taking into consideration that serum 
creatinine is relatively lacking sensitivity to AKI 
and does not reflect real-time changes in glomerular 
filtration rate, since its functional decrease can reach 
50% before a valuable increase in serum creatinine 
level, new biomarkers for AKI are being currently 
studied [3,5]. Various markers are being presently 
proposed to diagnose AKI, but no one can serve as 
reliable. Neutrophil gelatinase-associated lipocalin 
(NGAL) is one of these renal biomarkers, which 
increases 2-4 hours after the development of AKI and 
enables its diagnosis in the early stages [4,13,22]. 
Meanwhile, data on the possibility of its use are 
somewhat contradictory, for example, A. Sellmer 
et al. [8,17,20,21] have found that urine NGAL was 
not useful diagnostic marker for AKI detection in 
extremely preterm neonates. The need for the use 
of nephrotoxic drugs in preterm infants causes an 
increase in urinary NGAL, which confirms damage 
to the kidneys [11]. All of the above requires further 
study of the informative value of this marker [6, 23].

The aim of this study was to identify diagnostic 
capacity of the renal biomarker NGAL in urine for 
the early diagnosis of AKI in preterm infants with 
HSPDA.

Materials and methods 
A prospective, cohort study was conducted on 

the basis of the Department of Anesthesiology and 
Neonatal Intensive Care of the CI “Dnipro Regional 
Children's Clinical Hospital” and was approved by the 
Medical Ethics Board of the hospital. The study was 
carried out in accordance with the principles of the 
Declaration of Helsinki. Inclusion criteria were preterm 
infants with the gestational age of 29-36 weeks and 
HSPDA, informed written consent signed by parents 
for their child to participate in the study. Exclusion 
criteria were congenital malformations, grade III-
IV intracerebral or intraventricular hemorrhages, 
neonatal sepsis, severe perinatal asphyxia, skin 
diseases, intrauterine growth retardation.

A total of 29 preterm infants with HSPDA were 
examined on the first, third and tenth day. The 
patients were assigned to groups depending on the 
development of AKI: the AKI group with any degree 
of severity - 14 children, and the group without AKI 

- 15 children. In order to determine the influence of 
HSPDA size on the level of urine NGAL, the children 
were further divided based on ductal size: HSPDA 
diameter ≥ 2 mm - 11 children, and HSPDA diameter 
≤2 mm - 18 children. The urine NGAL level was 
quantitatively measured using sandwich enzyme-linked 
immunosorbent assay according to the manufacturer's 
licensed instructions (ELISA Kit, 96, USA).

Clinical examination and treatment of preterm 
infants were performed following accepted standard 
methods [14,15]. Medical therapy for HSPDA 
closure included ibuprofen in 24 preterm infants and 
restrictive fluid therapy in 5 preterm neonates [16].

Criteria for HSPDA were a large ductus arteriosus 
(>1.5 mm in neonates weighing <1500 g or > 1.4 mm/
kg in neonates weighing >1500 g), a ductal left-to-
right shunt and an increasing pulsatile trans-ductal 
shunt pattern, a left atrium-to-aortic root ratio >1.4, 
increased diastolic flow in the main pulmonary artery 
>0.2 m/s, retrograde diastolic flow in the post-ductal 
descending aorta, regional blood flow disorders [2].

AKI diagnosis and severity stratification was 
carried out according to the KDIGO stages by the 
criteria of its neonatal modification [19]. Serum 
concentrations of creatinine were measured on the 
first, third, fifth, seventh, tenth day, and urine output 
was assessed every 6-12 hours for this purpose.

A set of statistical research methods was used 
to address the tasks identified and check baseline 
assumptions, namely, for independent samples - the 
Mann-Whitney test, for assessing the dynamics - the 
Wilcoxon signed-rank test. All numerical data sets 
were tested for normality of distribution with the 
Kolmogorov-Smirnov test. Statistical analysis of the 
results was done using the STATISTICA 6.1®.

The study has a positive conclusion of the 
biomedical ethics commission of the Dnipro State 
Medical University (protocol of the commission 
meeting No. 2 dated October 19, 2022), which 
decided that the scientific research of Obolonska 
O.Yu. considered to be in accordance with generally 
accepted standards of morality, requirements for 
observing the rights, interests, and personal dignity of 
research participants, bioethical standards for working 
with pediatric patients. There is no risk for research 
subjects during the work. The legal representatives 
of the children involved in the research are informed 
about all aspects related to the purpose, tasks, methods 
and expected benefit of the research. Laboratory and 
instrumental research methods are generally accepted, 
the drugs to be used are approved for use. Experiments 
on humans were not conducted.

A set of statistical research methods was used to 
solve the tasks and check the initial assumptions, 
namely: for independent samples - the Mann-
Whitney test, for dynamic assessment - the Wilcoxon 
signed rank test. The test for the normality of the 
distribution of quantitative samples was carried 
out using the Kolmogorov-Smirnov test. Statistical 
processing of the results was carried out using the 
software product STATISTICA 6.1® (StatSoft Inc., 
serial number AGAR909E415822FA).

The work was carried out within the scope 
of complex research works of the Department of 
Propaedeutics of Children's Diseases and Pediatrics 2 
of the Dnipro State Medical University "Development 
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of criteria for early diagnosis and prediction of 
comorbid kidney damage in children with somatic 
and infectious diseases" (state registration number 
0119U100836) execution 09.2019-12.2023.

Results and discussion
The mean gestational age was 32.69 ± 1.22 weeks. 

The mean body weight at birth was 1878.2 ± 54.55 
g (Table 1).

Тhe dynamics of the urine NGAL level depending 
on the development of AKI is presented in Table 2. 
The urine NGAL level at day one in preterm infants 
with HSPDA, who developed AKI on the third or 
fifth day of life, was 1.7 times higher than that in the 
group without AKI (p<0.001). On the third day, the 
urine NGAL level in children with AKI was already 
2.8 times (p<0.001) higher than this indicator in the 
group without AKI. On the tenth day, this ratio was 
maintained: the urine NGAL level in AKI children 
was 2.6 times (p<0.001) higher than that in the group 
of children without AKI.

In the group of children with AKI, a significant 
increase in the urine NGAL level was observed from 
the first to the tenth day. For example, the urine NGAL 
level was 2.2 times (p<0.002) and 2.4 times (p<0.001) 
increased on the third and tenth day, respectively, 
as compared to that on the first day, while in the 
group without AKI, urine NGAL level was 1.3 times 
(p<0.04) increased on the third day compared to that 
on the first day. On the tenth day, in the group without 
AKI, the urine NGAL level was increased by 1.6 times 
(p<0.007) compared to that on the first day and by 1.2 
times (p<0.03)    as compared to that on the third day.

The data obtained were confirmed by a clear 
correlation between the urine NGAL level and the 
development of AKI. For instance, the urine NGAL 
level at the first day was significantly correlated 
with AKI on the third and on the fifth day: ρ=0.72, 
p<0.001 and ρ=0.75, p<0.001, respectively. On the 
third day, the urine NGAL level was significantly 
correlated with AKI on the third and on the fifth day: 
ρ=0.65, p<0.001 and ρ=0.73, p<0.001, respectively. 
It was particularly important that the urine NGAL 

level on the first day was significantly correlated 
with the maximum stage of AKI: ρ=0.76, p<0.001.

An increase in the urine NGAL level on the first 
day in children with AKI may be interpreted as a 
result of damage to the proximal renal tubules with 
a decrease in NGAL reabsorption and an increase in 
its urine level.

The dysfunction of the proximal renal tubules 
with reduced NGAL reabsorption processes was 
evidenced by the progressive and significant increase 
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Table  1

Table 2

Clinical characteristics of the examined patients

Characteristics Preterm infants with HSPDA, n=29
  Gestational age, M±s (Me; Q1-Q3), weeks 32,69 ± 1,22 weeks

(33; 32-34) 1878,2 ± 54,55 (1920; 1620-2437,5)
  Weight, M±s (Me; Q1-Q3), g 1878,2 ± 54,55

(1920; 1620-2437,5) 9 (31 %)
  Male, n (Р) 20 (69 %)

  Female, n (Р) 9 (31 %)
  Apgar score at 1 min, M±s (Me; Q1-Q3), points 6,2±1,27 (7; 5-7)
  Apgar score at 5 min, M±s (Me; Q1-Q3), points 6,7±1,05 (7; 6-8)

  Respiratory distress syndrome 19 (65,5 %)
  Asphyxia 5 (17,25 %)

  Intrauterine infection 5 (17,25 %)
  Patent ductus arteriosus size ≤ 2 mm on the 1st day 18 (62%)
  Patent ductus arteriosus size > 2 mm on the 1st day 11 (38%)

Dynamics of the urine NGAL level in preterm infants with HSPDA depending on the presence of AKI, 
M±m (Me; Q1-Q3), ng/ml

Urine NGAL level Total, 
n=29

Without AKI,
n=15

With AKI,
n=14 р<

  On day 1 82,3±37,22 
(67; 55,5-100)

61,2±23,36 
(56; 53-61)

104,9±36,48 
(98,5; 78-122,5) 0,001

  On day 3 153,7±111,96 
(91; 61,5-216)

82,8±74,55 
(66; 53-77)

229,7±94,82 
(208,5; 176-297,3) 0,001

  On day 10 169,7±129,39 
(111; 68-222)

95,7±97,00 
(69; 61-84)

249,0±113,27 
(210; 185,5-302) 0,001

  p І-ІІІ < 0,001 0,04 0,002
  p І-Х < 0,001 0,007 0,001

  p ІІІ-Х < no no no

Note. When comparing independent samples, the Mann-Whitney test was used; when comparing paired data, the 
Wilcoxon signed-rank test was used; (‘no’ - no significant difference was observed).
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in the urine NGAL level in infants with AKI identified 
on the third and tenth day. High levels of urine NGAL 
without a downward tendency on the tenth day in 
children with AKI could be explained by an increase 
in the synthesis of NGAL, which plays a central role in 
ensuring the survival of injured cells of the proximal 

tubules for their further proliferation [22].
Previous studies have found a relationship between 

the patent ductus arteriosus size and the development 
of AKI [3]. Therefore, it was important to examine the 
dynamics of the urine NGAL level in preterm neonates 
depending on the HSPDA size (Table 3).

In both groups, regardless of the HSPDA size, the 
urine NGAL levels were increased from the first to 
the tenth day. In the group with HSPDA > 2 mm, the 
urine level of NGAL on the third day was 2.2 times 
(p<0.004) higher than that on the first day. On the 
tenth day, this index was 2.4 times higher compared 
to the first day (p<0.004). Meanwhile, in the group 
with HSPDA ≤ 2 mm, the urine NGAL level on the 
third day was 1.5 times (p<0.02) higher than that on 
the first day, and on the tenth day, the urine NGAL 
level was 1.7 times higher (p <0.002) as compared to 
the first day.

A correlation between the urine NGAL level 
and the size of HSPDA has been found to be quite 
revealing. Notably, on the first day, urine NGAL 
level was significantly correlated with the HSPDA 
size: ρ=0.66, p<0.001, and on the 10th day, it was 
significantly correlated with the ductal size on the 
first day: ρ=0.70, p<0.001. In addition, the urine 
NGAL level on the first day was significantly 
correlated with the HSPDA size on the third day: 
ρ=0.49, p<0.015. A significant correlation between 
the urine NGAL level on the third day with the ductal 
size on the third day has also been revealed: ρ=0.47, 
p<0.019. Finally, on the 10th day, the urine NGAL 
level was significantly correlated with the HSPDA 
size on the third day: ρ = 0.46, p < 0.022.

Thus, the data obtained by us have confirmed 
the fact that renal hypoperfusion associated with 
the HSPDA size during the first day resulted in the 
elevated urine NGAL level for ten days. In the early 
days, that was a manifestation of the proximal renal 

tubule injury, and on the tenth day, that was a sign of 
increased renal NGAL production for the proliferation 
of the injured proximal tubule epithelial cells. 

Our data confirm the data of Zwiers A.J [24], 
that urine NGAL can be a marker of acute kidney 
injury in children and predict adverse prognostic 
consequences [18].

Conclusions. 
1. The elevated urine NGAL level has been found 

to be a reliable marker of the AKI development 
in preterm infants with HSPDA: it was 1.7 times 
(p<0.001), 2.8 times (p<0.001) and 2.6 times 
(p<0.001) increased on day one, three and ten, 
respectively, in children with AKI in comparison 
with those examined without AKI.

2. In preterm infants with HSPDA diameter of > 
2 mm on the first day, the urine level of NGAL was 
significantly increased on the first, third and tenth day.

Prospects for further research. To examine 
further the issues of early diagnosis of AKI in children 
born prematurely with HSPDA and associated 
comorbidities.
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Table 3

Dynamics of the urine NGAL level in preterm children depending 
on the HSPDA size on the first day, M±m (Me; Q1-Q3), ng/ml

Urine NGAL level HSPDA size on the first day р<≤ 2 mm, n=18 > 2 мм, n=11

 On day 1 > 2 mm, n=11 109,7±40,20
(101; 78-154) 0,002

 On day 3 101,8±82,64
(66,5; 55,3-110)

238,7±103,36
(211; 179-334) 0,001

 On day 10 114,4±96,80
(80; 65,5-130,3)

260,2±128,19
(233; 178-344) 0,03

 p І-ІІІ < 0,02 0,004
 p І-Х < 0,002 0,004

 p ІІІ-Х < no no

Note. When comparing independent samples, the Mann-Whitney test was used; when comparing paired data, the 
Wilcoxon signed-rank test was used (‘no’ - no significant difference was observed).
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ДІАГНОСТИЧНА ЗНАЧУЩІСТЬ БІОМАРКЕРУ ЛІПОКАЛІН, АСОЦІЙОВАНИЙ З ЖЕЛАТИНАЗОЮ 
НЕЙТРОФІЛІВ, У СЕЧІ ПРИ ГОСТРОМУ ПОШКОДЖЕННІ НИРОК У НЕДОНОШЕНИХ ДІТЕЙ 

З ГЕМОДИНАМІЧНО ЗНАЧУЩОЮ ВІДКРИТОЮ АРТЕРІАЛЬНОЮ ПРОТОКОЮ
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Резюме
Вступ. Проблема своєчасної діагностики гострого пошкодження нирок (ГПН) за неонатальної модифікації KDIGO по-

требує пошуку та визначення діагностичної можливості неінвазивних маркерів. Особливо уразливою групою щодо ГПН є 
недоношені діти з гемодинамічно значущою відкритою артеріальною протокою( ГЗВАП). Ренальний біомаркер ліпокалін, 
ассоційований з желатиназою нейтрофілів (NGAL), у сечі дає можливість діагностувати ГПН, але можливості його викорис-
тання є суперечливими за даними літератури. 

Мета дослідження — визначити діагностичні можливості ренального біомаркеру NGAL в сечі для ранньої діагностики 
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гострого пошкодження нирок у недоношених дітей з гемодинамічно значущою відкритою артеріальною протокою 
Матеріали і методи дослідження. Обстежено 29 недоношених дітей з ГЗВАП (гестаційний вік 29-36 тижнів), що зна-

ходились на лікування у відділенні анестезіології та інтенсивної терапії новонароджених, на першу, третю та десяту добу.   
Пацієнти були розподілені на дві групи залежно від наявності ГПН.  Розподіл хворих проведено залежно від розвитку ГПН: 
група з ГПН різного ступеню тяжкості — 14 дітей, група без ГПН — 15 дітей.  Для визначення впливу розміру ГЗВАП на 
рівень NGAL в сечі проведено розподіл  дітей з розміром ГЗВАП більше 2 мм -11 дітей та 2 мм і менше -18 дітей.Досліджено 
рівень NGAL у сечі кількісним методом, заснованим на іммуноферментному аналізі за методом «сендвіч» за ліцензованими 
методиками виробника (ELISAKit, 96, USA).

Дослідження має позитивний висновок комісії з питань біомедичної етики Дніпровського державного медичного  універси-
тету  (протокол засідання комісії № 2 від 19 жовтня 2022 року). 

Використовувався комплекс статистичних методів дослідження, зокрема: для незалежних вибірок – критерій Манна-Уїтні, 
для оцінки динаміки – критерій знакових рангів Вілкоксона. Перевірку на нормальність розподілу кількісних вибірок проведено 
з використанням критерію Колмогорова—Смірнова. Статистичну обробку результатів проводили за допомогою програмного 
продукту STATISTICA 6.1® (StatSoft Inc., серійний № AGAR909E415822FA).

Робота виконана в межах комплексної науково-дослідної роботи кафедри  пропедевтики дитячих хвороб та педіатрії 2  Дні-
провського державного медичного  університету  «Розробка критеріїв ранньої діагностики та прогнозування коморбідного ура-
ження нирок у дітей з соматичними та інфекційними захворюваннями» (державний реєстраційний № 0119U100836),  термін 
виконання 09.2019 р.-12.2023 р..

Результати дослідження. У групі дітей з ГПН спостерігається значне зростання рівня NGAL сечі з першої до десятої доби. 
Так, на третю добу показник NGAL сечі підвищився у 2,2 рази порівняно з першою добою (р<0,002), а на десяту добу - у 2,4 
рази (р<0,001) відносно першої доби. Тоді як в групі без ГПН показник NGAL сечі на третю добу збільшився у 1,3 рази (р<0,04) 
порівняно з першою добою. На десяту добу в групі без ГПН NGAL сечі підвищився в 1,6 рази (р<0,007) у порівнянні з першою 
добою та 1,2 рази - з третьою добою. 

Отримані дані підтверджуються чіткою кореляційною залежністю між рівнем NGAL сечі та розвитком ГПН. Так, рівень 
NGAL сечі на першу добу значуще корелює з ГПН на третю добу: ρ=0,72, р< 0,001, та на 5-ту добу: ρ=0,75, р<0,001. На третю 
добу NGAL сечі значуще корелює з ГПН на третю добу: ρ=0,65, р<0,001 та на 5-ту добу: ρ=0,73, р<0,001. Особливо важливо, що 
рівень NGAL сечі на першу добу значуще корелює з максимальною стадією ГПН: ρ=0,76, р<0,001. 

У недоношених дітей з розміром ГЗВАП > 2 мм на першу добу життя рівень NGAL сечі був в 1,7 рази більший ніж рівень 
NGAL у дітей з ГЗВАП ≤ 2 мм (р<0,002). Це спостерігається і на третю добу: у недоношених дітей з розміром ГЗВАП > 2 мм 
рівень NGAL сечі був в 2,3 рази більший ніж рівень NGAL у дітей з ГЗВАП ≤ 2 мм (р<0,001). На 10 добу спостерігався в 2,3 
рази вищий рівень NGAL сечі в групі з діаметром протоки > 2 мм ніж в групі з протокою ≤ 2 мм (р<0,003). Виявилася показовою 
кореляційна залежність показників NGAL сечі та розміру ГЗВАП. Так, NGAL сечі на першу добу значуще корелює з розміром 
ГЗВАП на першу добу: ρ=0,66, р<0,001, а на 10-ту добу значуще корелює з розміром протоки на першу добу: ρ=0,70, р<0,001. 
Також, NGAL сечі на першу добу значуще корелює з ГЗВАП на третю добу: ρ=0,49, р<0,015. Доведена значуща кореляція NGAL 
сечі на третю добу з розміром ВАП на третю добу: ρ=0,47, р<0,019. На 10-ту добу NGAL сечі значуще корелює з розміром ВАП 
на третю добу: ρ = 0,46, р< 0,022.

Висновки. Підвищений рівень NGAL сечі є достовірним маркером розвитку ГПН у недоношених дітей з ГЗВАП: він під-
вищувався в 1,7 рази (р<0,001) на першу добу, в 2,8 рази (р<0,001) на третю та в 2,6 рази (р<0,001) на десяту добу у дітей з 
ГПН в порівнянні з обстежуваними без ГПН. У недоношених дітей з діаметром ГЗВАП > 2 мм на першу добу рівень NGAL сечі 
демонструє значне підвищення на першу, третю та десяту добу.

Ключові слова: недоношені діти; гемодинамічно значуща відкрита артеріальна протока; NGAL сечі;  гостре по-
шкодження нирок. 
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